control, freeway operations including ramp metering and toll collection, police, transit,
and transportation-research. Centers incorporating or moving toward collocation include
the TransGuide Control Center in San Antonio, the State of Maryland CHART
Operations Center, the Montgomery County Traffic Management Center, the Michigan
Intelligent Transportation Systems Center in Detroit, and the Houston TranStar Center.
The Atlanta Advanced Traffic Management Center is scheduled to be available for the
1996 Summer Olympics.

Few evaluations of integrated facilities are currently available; however, stories from
integrated centers and the trend in developing them tell a compelling story about the
value of such facilities. The San Antonio TransGuide facility opened in the summer of
1995. The value of an integrated facility was demonstrated the week before the center
opened when an industrial plant fire erupted within view of freeway video monitoring.
Based on the visibility afforded at TransGuide, the fire was accessed and fought more
effectively, possibly saving the lives of several firefighters. Both local police and fire
agencies were convinced of the wisdom of their investment in collocation.
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Appendix 1
Proposed Changes to FCC Regulations

A. Part 2 of Chapter 1 of Title 47 of the Code of Federal Regulations is proposed to be
amended as follows:

PART 2 - FREQUENCY ALLOCATIONS AND RADIO TREATY MATTERS;
GENERAL RULES AND REGULATIONS

1. The authority citation for Part 2 continues to read as follows:

Authority: Sec. 4, 302, 303, and 307 of the Communications Act of 1934, as

amended, 47 U.S.C. Sections 154, 154(T), 302, 303, 303(r), and 307, unless otherwise
noted.

2. Section 2.106 is amended by adding “MOBILE” to the United States Table, Non-
Government column and "Private Land Mobile (90)" to the FCC use designators in the
row for 5850-5925 MHz in the table to read as follows:

§ 2.106 Table of Frequency Allocations

% ok ok ok ok
International United States FCC use
table table designators
Special-use
* ok ok Government Non-Government Rule part(s) frequencies
% % ok ok %
* Rk 5850-5925 5850-5925
RADIOLOCATION  FIXED-SATELLITE PRIVATE
(Earth-to Space). LAND
MOBILE. MOBILE (90)
Amateur. Amateur (97)
806 US245 G2 806 US245

* %k %k ok ok



Part 90 of Chapter 1 of Title 47 of the Code of Federal Regulations is proposed to be
amended as follows:

PART 90 - PRIVATE LAND MOBILE RADIO SERVICES
The authority citation for Part 90 continues to read as follows:

Authority: Secs. 4, 303, 48 Stat. 1066, 1082, as amended; 47 U.S.C. 154, 303, and
332, unless otherwise noted.

Section 90.7 is amended by adding a new definition for Dedicated Short Range
Communications Service to read as follows:

§ 90.7 Definitions.

* % ok X %
Dedicated Short Range Communications Service (DSRCS). The use of non-voice radio
techniques to transfer data over short distances between roadside and mobile radio units,
between mobile units, and between portable and mobile units to perform operations
related to the improvement of traffic flow, traffic safety and other intelligent
transportation service applications in a variety of public and commercial

environments. DSRCS systems may also transmit status and instructional messages
related to the units involved.

Section 90.350 is revised to read as follows:

§ 90.350 Scope.

The Transportation Infrastructure Radio Service is for the purpose of integrating
radio-based technologies into the nation's transportation infrastructure and to develop and
implement the nation's intelligent transportation systems. It includes the Location and
Monitoring Service (LMS) and the Dedicated Short Range Communications Service
(DSRCS). Rules as to eligibility for licensing, frequencies available, and any special

requirements for services in the Transportation Infrastructure Radio Service are set forth
in this subpart.

A new Section 90.371 is added to subpart M to read as follows:
§ 90.371 Dedicated Short Range Communications Service

These provisions authorize the licensing of systems in the dedicated short range
communications service (DSRCS). DSRCS systems utilize non-voice radio techniques to
transfer data over short distances between roadside and mobile radio units, between
mobile units, and between portable and mobile units to perform operations related to the
improvement of traffic flow, traffic safety and other intelligent transportation service
applications in a variety of public and commercial environments. DSRCS licensees



authorized to operate a system in the 5850-5925 MHz band may serve individuals, federal
government agencies and entities eligible for licensing in this Part 90.

(a) Each application to license a DSRCS system shall include the following supplemental
information:

(1) A detailed description of the manner in which the system will be operated
including a map or diagram.
(2) The necessary or occupied bandwidth of emission, whichever is greater.
(3) The data transmission characteristics as follows:
(1) Specific transmitter modulation techniques used;
(i) For codes and timing scheme: A table of bit sequences and their
alphanumeric or indicator equivalents, and a statement of the bit rise time,
bit transmission rates, bit duration, and interval between bits; and
(iii) A statement of amplitude-versus-time of the interrogation and reply
formats, and an example of a typical message transmission and any
synchronizing pulses utilized.
(4) A plan to show the implementation schedule during the initial license term.
If the applicant proposes to use an industry standard that is available for the
Commission's review and that includes the information required under paragraphs
(2) and (3) above, the applicant may certify compliance with the standard in lieu
of providing the information required under paragraphs (2) and (3).

(b) DSRCS stations are exempted from the identification requirements of § 90.425;
however, the Commission may impose station identification requirements when
determined to be necessary for monitoring and enforcement purposes.

A new Section 90.373 is added to subpart M to read as follows:
§ 90.373 DSRCS operations in the 5850 to 5925 MHz band

DSRCS systems may be authorized in the 5850-5875 MHz band, subject to the
conditions of this section. DSRCS licensees are required to maintain whatever records

are necessary to demonstrate compliance with these provisions and must make these
records available to the Commission upon request:

(a) DSRCS systems within the band 5850-5925 MHz will be authorized on a co-primary

basis with Military Radiolocation and Non-federal Fixed Satellite (Earth-to-Space)
Services.

(b) DSRCS systems are authorized on an exclusive basis and must cooperate in the
selection and use of frequencies in accordance with § 90.175.

(c) DSRCS systems will be licensed to Public Safety Service Providers, Public Safety
Support Providers, or to other entities only for purposes of providing DSRCS.
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FORM NTIAa4 U.S. DEPARTMENT OF COMMERCE | Glassttication Conirol Nomber
@/01) NATIONAL TELECOMMUNICATIONS
. AND INFORMATION ADMINISTRATION

UNCLASSIFIED
CERTIFICATION OF SPECTRUM SUPPORT
Teciplent Agency System ' ‘L Stage of Review
UsCq {(G-TTH) Intelligent Tx 1sportatiou Systen 2 - Experimental

L————-——-—-—-—————-—— J

SPS-10448 Coast Guard Request f?t Sﬁage 2 System Review July 20, 1995
SPS-10711 NTIA Preliminary Assessmegt March 11, 1396

O PRI EE el S e W LT SN R N Y L ey SRR -
B ST o e e
S M e B e L o STt AT AN L Tal T T R e 8 R e NS

The Spectrum Planning Subcommittee has reviewad this system under the provisions of
Chapter 10 of the NTIA Manual. The $PS, ndting that this gystem (1) will not progress
beyond Stage 2, and (2) will not provide a |safety-of-life function, recommends that:

1. KNTIA certify Stage 2 spectrum sqppoqt for the Intelligent Trangpourtation System.
2. Coast Guard ensure the FHWA im aware that:

a, This band is allocated to the| radiclocation service, and is the subject of
ongoing reallocation efforts.. .

L. The FCC has recently issued éb NPRM to provide for unlicensed NII/SUPERNet
operations in the 5150-5350 ailld 5725-5875 MHz bands.

¢. This system may suffer harmful interference from adjacent and co-channel
high-power DoD systems in thik band, in addition to harmonics of 2700-2900
MHz zadar cperations. .

d. The ITS may not be deployed (i.e., made available to ‘the gemeral public)
until FHWA performs an analysis that identifies techniques to mitigate the

EMI potential from/to other cé- and adjacent-band users, and all parties
agree that EMC exists, |

3. Coast Guard direct that FHWA:

a. Conduct an analysis to determine potential wdrst-case interference
distances for 3 set of emitterns identified by the DoD.

b. Perform coordinated testing im areas indicated by the analysis to pose
the greatest interference threat to either the DoD systems or the ITS, and
provide copies of the test results to the DoD for review,

<. Limit ITS Stage 2 operaticns to aveas that are determined to be free from
interference either to or from the emitters identified by the DoD.

Nameo/Tie of Recommending Offictal Signaure -7 ' -y <)
. e / , ) .
Paul C. Roosa, Jr., Chairman WA Y g 2
Spectrum Planﬁing Subconmittee :/4¢i N [//'7 AN (\\\ May 23, 1396

" k]
The Office of Spectrum Management certifies Stage 2 spectrum support for this system.

This office concurs with the SPS recommendations in Section 3.
Name/Titte of Cortilying Officla) ;

wWilliam D. Gamble
Deputy Associate Administrator

May 23, 1936

Downgraging Instructions

. UNCLASSIFIED IRAC, SPS, FAS
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APPENDIX K

Assessment of Potential Interference to the Fixed Satellite Service (FSS) Uplinks
from the Proposed ITS DSRC System

1.0 Background

ITS America is currently petitioning the FCC for co-primary user status with the Fixed
Satellite Service (FSS) of the frequency band 5.85 to 5.925 GHz. In order to coexist in this
frequency band, it must be shown that the emissions from the ITS’s proposed Dedicated Short
Range Communications (DSRC) System will not adversely affect the uplink of the FSS system.
This analysis will show that the interference from the aggregate number of transmitter beacon

systems anticipated for DSRC applications will fall within an acceptable limit already budgeted
by the FSS.

2.0 Assumptions

Satellite System:

The performance of a satellite link is based upon its carrier to noise plus interference
ratio. The total carrier to noise plus interference is calculated from the following equation.:

(C/0)r = [(C/O)y ™ +(C/O), T

where:

(C/0)¢ = Total carrier to noise plus interference for a satellite systems
(C/O)y = Uplink carrier to noise plus interference
(C/O)p = Downlink carrier to noise plus interference

In most satellite systems the uplink carrier to noise plus interference ratio is much greater
(by about 10 dB) than the downlink carrier to noise plus interference ratio. This is what is
referred to as the system being downlink limited. From the above equation, therefore, the
downlink carrier to noise plus interference ratio will be on the same order as the total carrier to
noise plus interference ratio. A value of 12 dB was obtained from the Intelsat Intersystem
Coordination Manual - Document IICM-316 as the total carrier to noise plus interference ratio of
Intelsat’s Integrated Digital Service (IDR) using an INTELSAT VIIA satellite. This is a typical
service provided by Intelsat and the technical parameters listed in the [ICM-316 document are
representative of what can be expected of a FSS link. From the 12 dB (C/O)y value, an uplink

carrier to noise plus interference ratio which is 10 dB greater, or (C/O)y =22 dB, can be derived.

Using this value for the uplink carrier to noise plus interference, a value for carrier to
interference only can be determined using the following equation which describes the uplink
carrier to noise plus interference ratio:



(C/0)y=[(CMN)y +(CMy T

where:

(C/0)y = Uplink carrier to noise plus interference ratio
(C/N)y = Uplink carrier to noise ratio
(C/M)y = Uplink carrier to interference ratio

In most satellite systems the uplink is considered to be noise limited rather than
interference limited which would mean that the C/I >> C/N. This is a worst case condition for
the DSRC system since the interference from the DSRC system would only be allowed to be a
small percentage of the total uplink carrier to noise plus interference. For this analysis we will
assume that the C/I for the system for which the interference is from the DSRC system will be 13
dB greater than the total (C/ O)y or (C/I); =22 + 13 = 35. This represents approximately 5% of
the total C/ O budget.

atellite i haracteristi

The following equipment characteristics were obtained from the IICM-316 document for an IDR
type system used with the INTELSAT VIIA satellite.

Minimum uplink EIRP 46 dBW
Allocated Bandwidth 51 kHz
D tem:

There are a number of manufacturers currently supplying equipment for DSRC
applications in Europe in the 5.8 GHz frequency range. As an example of a typical DSRC
system, we will use the specifications of a system built by GEC - Marconi called the Traffic and
Road Information System (TRICS). The TRICS beacon transmitter is being installed in the UK
as part of the Road Traffic Advisor Project Demonstration. The beacon systems are typically
installed along the roadside with the main beam pointed at the road at a depression angle of 45
degrees as in Figure 1. According to GEC Marconi specifications for the antenna used for the
Road Traffic Advisor Project Demonstration, the EIRP in the direction of the horizon or greater
are typically 20 dB less than that at boresight. We will use this figure in the current analysis, but
future efforts will more precisely quantify this parameter.

DSRC Equipment Characteristics:
The following equipment characteristics were obtained from the GEC Marconi specification with
the exception of the maximum EIRP which was increased to 4 W for a larger coverage zone

anticipated for some US installations.

Maximum boresight EIRP 6 dBW (4 watts)



Typical EIRP in the direction of satellite uplink -14 dBW (40 miliwatts)
Allocated Bandwidth 6 MHz

beacon antenna

/ boresight

900

00

Figure 1: Beacon Antenna Configuration
3.0 Determination of the Total Number of DSRC Transmitters:

Since we are examining the interference from a number of DSRC transmitters into a
single satellite uplink channel, we must examine the total power allowed into the uplink channel.
From this total power we can determine the maximum number of individual transmitters allowed
given this total power. We will use the knowledge of C/I and the equipment characteristics

discussed above to determine the maximum number of DSRC transmitters allowed before the C/I
threshold is exceeded.

If we assume that the pathloss is the same for a desired signal as for an interfering signal
at the satellite receiver, the carrier to interference ratio can be expressed simply as the difference
in effective isotropic radiated power (EIRP)of the desired and interfering signals adjusted so that
the bandwidths are the same. This is shown in the following equation:

C/1=EIRPg - EIRP; + 10 log (BW,/BWy)

where:

EIRPg = EIRP of the desired (satellite uplink) signal (dBW)

EIRP; = EIRP of the aggregate number of interfering (DSRC) signals (dBW)
BW, = Interfering signal bandwidth (6 MHz)

BWjg = Desired signal bandwidth (51 kHz)

Using the C/I value of 35 dB discussed above and solving the equation for EIRP; we
obtain:

EIRP= EIRP; + 10 log (BWy/BW) - C/I
EIRP= 46 +20.7 - 35 = 31.7 dBW



This value represents the total power allowed by the addition of all of the DSRC signals.
Since we know that the signals will not all be of the correct polarization we will introduce a loss
of 3 dB. The following equation can then be used to determine the maximum number of
transmitters allowed in a 6 MHz channel:

EIRP;= EIRP,_ + 10log(x) - Polarization mismatch loss

where:

EIRP, = the total interference power from the aggregate of the DSRC transmitters
EIRP, . = the EIRP from a single DSRC transmitter

x = the total number of transmitters allowed in the 6 MHz bandwidth

Solving for x we obtain:

10log(x) =31.7 - (-14) + 3 =48.7
X = 74,131 transmitters

This number corresponds to the maximum number of transmitters allowed in a 6
Mhz channel. The ITS, however, is proposing the use of 8 6 MHz channels which would
effectively allow 8 times the number of transmitters calculated. Consequently, we
conclude that given the parameters described above, a total of 593,048 DSRC transmitters
could be placed throughout the US and still not contribute more than 5% of the total noise
plus interference budgeted for the fixed satellite service.

4.0 Conclusions

The specific design and operating parameters of DSRC systems for use in the US
have not been finalized; indeed, some of the operating characteristics of these systems
will likely be established as part of the spectrum allocation rulemaking process, and these
may differ from the values assumed in this analysis. However, it is instructive to
determine, based upon the parameters used herein, what deployment density could be
used to ensure that the number of beacons computed above is not exceeded.

There are 1,069,022 miles of paved non-local roads in the US; 821,004 miles of
these are classified as “rural”, the remaining 248,018 miles are “urban”. Rural highways
are expected to have to have no more that one DSRC transmitter every five miles. Urban
highways will have higher densities - perhaps as high as one per mile, on average. With
that density, there would be a total of 412,218 beacons deployed, well under the “cap”
established earlier of 593,048. It is therefore concluded that the DSRC system could be
deployed and operated such that it did not interfere with the Fixed Satellite Service uplink
if co-primary user status of the 5.85 to 5.925 GHz frequency band were granted.
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DSRC Air Interface Discussion

Several air interface specifications are being used for currently implemented DSRC
applications. Some of these specifications are proprietary to certain manufacturers. However, a
national system of communications needs an open standard that any manufacturer can use.

Fortunately, several existing or developing standards that could be applied to DSRC applications
also exist. These standards are listed below:

e The California Code of Regulations, Title 21, Chapter 16, Compatibility Specifications for
Automatic Vehicle Identification Equipment (Title 21)‘;

e The HTMS specification, VRC Reader-Transponder RF Protocol Specification, May 15,
1995, (HTMS speciﬁcation)z.

e The European Committee for Standardization, CEN TC278, Road Traffic and Transport
Telematics (RTTT) Dedicated Short-range Communications (DSRC), DSRC Physical Layer
using Microwave at 5.8 GHz (CEN TC278)’. The CEN TC278 standard is also the candidate

for the International Standards Organization (ISO) committee 204 standard for DSRC, (ISO
204).

e The Road Traffic and Transport Telematics (RTTT) Dedicated Short-range Communications
(DSRC), DSRC Standard using Microwave in Japan, 26 Sept. 1996, (Japanese Standard)4.

The Title 21 standard and the HTMS specification currently only specify operations in the
902-928 MHz band and the CEN TC278 prestandard and the Japanese standard specify
operations in the 5.8 GHz ISM band. Although, the ISM band only includes 25 MHz of the
5.850 to 5.925 band, all the operational characteristics detailed in the CEN TC278 standard and
the Japanese standard can be applied to the entire 5.850 to 5.925 band. However, since the
Japanese standard has just recently become available for evaluation, the CEN TC278
specification was used as a basis for determining the performance characteristics of operations in
the requested band of operations. Although, the standards bodies have not selected the
specifications of the air interface for the 5.850 to 5.925 band to be used in the U.S., selecting a
standard will involve much consideration because of the wide variety of choices.

Both the Title 21 and the CEN TC278 use different backscatter techniques for the air
interface. However, the backscatter techniques offer easy channel mobility and short reuse
distance. The HTMS specification attempts to accommodate multiple air interface specifications

! See the attached California Code of Regulations, Title 21, Chapter 16, Compatibility Specifications for Automatic
Vehicle Identification Equipment, nd.

? See the attached The HTMS specification, VRC Reader-Transponder RF Protocol Specification, May 15, 1995.

? See the attached Draft European Prestandard, Road Traffic and Transport Telematics( RTTT) Dedicated Short-
range Communication (DSRC), Physical Layer using Microwave at 5.8 GHz, CEN TC278 WG9 SG.L1, October
1995.

* See the attached Road Traffic and Transport Telematics (RTTT) Dedicated Short-range Communications (DSRC),
DSRC Standard using Microwave in Japan, 26 Sept. 1996.



including active (amplitude modulation [AM]) and backscatter (Title 21) air interfaces to be
incorporated and could provide a 300 foot communication range. However, active devices are
still being evaluated for the frequency mobility or frequency reuse distance needed to provide
full application coverage on a cost effective basis. In addition, the Title 21 standard is locked
into a low data rate of 300 kbps by its subcarrier frequencies and the power levels are set for lane
based operation. A significantly modified Title 21 or a new standard is needed to accommodate
the desired 600 kbps data rate and the 100 to 300 foot communications ranges. In addition, much
more subcarrier, both in channel and out of channel, power level detail is needed to assure
adjacent channel operations. The CEN TC278 standard already accommodates 500 to 1000 kbps
data rates with the required subcarrier power specifications.

The Japanese proposed standard is an exception to the techniques generally in use. Its
active technology transmits 1000 kbps data rates, with downlink duplex and half-duplex uplink
operation, on two different 10 MHz channels per link. Although, this standard has sufficient data
rate, high reliability, and a short channel reuse distance, it uses 20 MHz per link instead of the 5
MHz that the CEN TC278 standard needs. The number of channels needed to implement the
proposed applications using this standard is under investigation.

Therefore, several choices exist for a standard air interface. The CEN TC278 standard with
higher power limits and a different operating range, a modified CEN TC278 standard with a 600
kbps data rate, the currently proposed HTMS specification modified to operate at 5.8 GHz or the
Japanese standard could all be considered for the standard air interface.
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TITLE 21,

CHAPTER 16, ARTICLES 1 THROUGH 4 OF

THE CALIFORNIA CODE OF REGULATIONS
CHAPTER 16. COMPATIBILITY SPECIFICATIONS FOR AUTOMATIC
VEHICLE IDENTIFICATION EQUIPMENT

ARTICLE 1. SUMMARY OF KEY COMPATIBILITY SPECIFICATIONS
FOR AUTOMATIC VEHICLE IDENTIFICATION EQUIPMENT.

Section 1700. Summary. The Compatibility Specifications for automatic vehicie

identtication (AVI) equipment have been developed around two pnncipai components: a
Reader and a Transponaer. The minimum role of the Reader is to:

1) trigger or activate a Transponder,
2) poll the Transponder for specific information, and

3 provide an acknowiedge message to the Transponder after 2 vaiid response 10
the potling message has been recewved.

A haft-duplex communications system is envisionea where the Transponager takes tts
cues trom the Reaager.

The speciiication is meant o define a standard two way communications protecol and to
funther define an initial set of data records.

A summary of the key compatibility spectications found in this Chapter are set forth
below:

Reader Specitications:

Reader Trigger Signal 33 microseconds of modulated RF

Reader Send Mode (Downlink)

Carner Frequency: 915 =13 MHz (subject 1o FCC assignment)

Camer Mogulation: Unipotar ASK (Mancnester £ncogeq)

Data Bit Rate: 300 kbps
No. Data Bits: Application Sgecitic
Field Strength

at Transponder Antenna: 500 mvim (minimum)

Transponder Specifications:

Technology Type Modulated Backscatter

Transponder Send Mode (Uplink)
Carner Frequency:

~Same as Reager Senag Moae
Camer Modulation:

Subcamer AM
Subcarrier Modul_ation: FSK
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Subcarner Frequencies:
Data 8it Rate:
No. Data Bits:

800 kHz = 10% anc 1200 kHz = 0%
300 kbos

Application Specitic
Recerver Field-Slrehgm

Threshold: €00 mV/m + EQmv/m (munimum)

Transponder Antenna:

Polarization: Horizontal
Fieid-of-View: Operation within S0° conical angle.
Location:

Front of Vehicle

Section 1701. Deﬂqltlon ot Technical Terms.
technical terms used througnout this Chapter:

The following are definitions of
@) AM - Ampiitude moduiation

(b) | ASK - Ampiitude shitt keying

© BCC-Block Check Character

(@) CRC-Cyclic Redundancy Check

(e) CW - Continuous wave

n EIRP -ettective isotropically radiated power = gain x net power
(9 EM - Electromagnetic

(h) FCC - Federal Communications Commission

® FSK - Frequency-shift keying

i} ID - Device identitication

(k) kbps - kilobits per second

0 kHz-kilohertz (103 henz)

(m) kph-kilometer per hour

(n) MHz - megahenz

Reader - A fixed-position reader. associated transmit and receive (Tx/Rx)
antenna(s), and modulation and demodulation hardware and software.
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P) RF-Radic trequency

@ Transponders - Electronic devices that contain information which can be
communicated 1o the reader.

ARTICLE 2.0 INTRODUCTION.

Section 1702.1. Objectives

This chapter defines the compatibility requirements for automatic vehicle identiication
{AVI) equipment. Supplemental Agency (e.g., Toll Authority) specifications will detail the
technical, environmental, and operationai speciics tor each site implementation. The immediate
mandate for this compatibility specification is for electronic toll cotlection.

AVl equipment wiil essentially consist of two functional elements: vehicle-mounted
transpondgers and fixed-postion reader unas.

The specification is meant to define a standard communications protocol and to further

define an initial set of data records. The initial data records are designed for voiuntary
implememations ot electronic toll collection.

it is further envisioned that more complex data records will be developed to handle
anonymous transactions, secure funds transters, information transters. and other transactions
between the Reader and the Transponder that will be defined as needed. Caltrans shall
function as the standards monitoring authority to authorize the use of new record types and to
assign record type numbers 10 newly authorized records. Caltrans shall pass this responsibiiity
to an appropriate standards setting organization when one is established and recognized.

Sectlion 1702.2. Organization

This chapter consists of four articles. An overview and summary of the key specifications
is given in Article 1. Anicle 2 presents the objectives and definitions for data codes.

Articles 3 and 4 provide specifications unique to the reader and transponder
respectively.

Section 1703. Detinitions tor Data Codes.

{a) Agency Code: This 16-bit code field identifies the Agency that has authority to
conduct the transaction.

{b) Byte Order. Numeric fields shall be transmitted most significant bi tirst. f a
numeric field is represented as muttiple bytes. the mast significant bit of the most
signiticant byte is transmitted first. This document represents the most significant
and first transmnted to the left cn a line and o the top of a mutti line tabulation.

(] Error Detection Code: The error detection code utilized in the defined records is
the CRC-16, with a generator polynomial of X'8 + X12 4+ X5 + 1. This resuttsin a
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16-bit BCC transmnted wiih each data message. 7he Gata field crotected by the
CRC exciudes any preceging heaaer in every case.

(@) Filler Bits : Filler bits are used to adjust the data message length to a desired
length and shalf be set to zero.

{e) Header Code: The Header is the first tield in each data message for either reader
or transponder transmissions and consists of an 8-bit and a 4-bit word for a total ot
12 bits. The Header provides a signal that may be used by a receiver to seli-
synchronize {seisyn) with the data being transmted, thus the notation Selsyn.

The Selsyn signal has binary and hexadecimal vaiues: 10101010 and
AA, respectively.

The Header code also provides for a unique, 4 bit Flag that is recognized by a
receiver decoder as the end of the Header with the data message to follow. The
Flag signat has binary and hexidecimal vaiues: 1100 and C respectively.

n Reader 1D Numper. This 32-bit field is used to uniquely identify the reader
canducting the transaction.

(@) Transaction Record Type Code: This 16-bit code uniquely identities a specific
type of valid transaction between a reader and a transponder. This code uniquely
defines the transponder message fields and functions pemmissible with the
transaction type specified by the Polling message as descnbed in Section
1704.5(e)(1). Hexadecimat numbers 1 through 7FFF are set aside tor
transponder message structures and 8000 through FFFF are dedicated for
reader-lo-transponder message structures.

(h) Transaction Slatus Code: Used to provide status information 10 the
transponder. :

0] Transponder 1D Numper. This 32-bit code uniquely idemtilies which transponaer
is responding to a polling request or is being acknowledged.

ARTICLE 3. READER SPECIFICATIONS.

Section 1704.1. General.

The reader will transmit a RF trigger pulse to activate (turn-on) the transponders. Aftera
time gelay, the reader then will iransmt an encoded signal, referred to as the Polling message
which, upon detection and decoding by the transponder, will provide intial information to the
transponder including the type of transaction the reader wishes to conduct.

The reader will then transmit an unmodulated CW, RF signal for the transponder to
modulate with a data message while backscattenng to the reader. The reader may repeat the
Polling-10-backscattering sequence until # obtains an error free data message from the
transponder. The reader will then transmit an encoded Acknowiedge message 1o the

transponder providing status information and requesting that the transponder not respond to
the same polling message again for a tixed time penod.
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Section 1704.2. RF Carrier Frequency.

The RF camer frequency snall be taken from the 215 MHz = 13 MHz range. Specttic
frequency and bandwidth depend upon pending FCC assignment.

Section 1704.3. Reader Antenna Specifications.
(a) Reader Antenna Polanzations.

The reader transmat and receive antennas shall have predominant EM field components
that are co-polarized to the horizontal potarization specified for, the transponder transma

and receive antennas in section 1705.3(a). Horizontal linear, circutar or elliptical
polarizations are allowed.

{b) Reader Antenna Location.: The reader antenna location is site specitic.

Section 1704.4. Reader-To-Transponder Trigger Pulse.

{a) Trigger Puise Definition.

The reader shall provide a wakeup trigger tor the transponder. The trigger shall consist of
a 33 mcrosecond long, RF puise at the assigned carmer frequency that is modulated with
a continuous string of ones. The trigger puise shall be followed immediately by a delay

(i.e., no RF transmission) of 100 microseconds duration. The wakeup puise is intended
10 signal a domant transponder to fully activate itself.

(b) Trigger Puise Fieid Strength.

The required horizontat component of field strength produced by the trigger pulse at the

maximum downiink range (site dependent) of the reader shall be greater than 500
mv/m.

Section 1704.5. Reader Comrmunications Protocol.

(a) AM Moduiation Scheme.

The downlink (reader-to-transponder) modutation scheme shall be unipolar ASK of the
RF carner using Mancnester encoding. A data bt *1° is transmitted by senaing an RF
puise auring the first hatf of the bit period and no signal during the second hait, while fora

‘0’ data bit the reverse order is used: i.e., no signal during the first hatt of the bit penod
and an RF pulse transmission during the second hatf.

(b) Data B# Rates.
The data bit rate for reader-to-transponder messages shall be 300kbps.

(c) Fieid Strength.

The field strength of a reader data message at the transponder shall be greater than
500 mv/m.

{d) Standard Reader Data Message Format.

The stancard portion of a Reader data message shall consist ot a header and transaction
record type code. The subsequent length, data content, and efror detection scheme
shall then be established by the definition tor that transaction record type.

(e)Aeader Data Message Formats For AVI .
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Section 1704.6.

There may be several reager-to-transponaer dara message fomats. The format is
determinea by the Transaction Recora Type coge semt by the reager. The following

is the reader-to-transponder message format presently specttied for AVl electronic
toll collection applications:

(1) Reader Transaction Record Type 1 (Polling Message) .

The Polling message (which follows the 100 microsecond delay after the

trigger signat) tells the transponder the type of transaction the reader wishes to
conduct. For AVI electronic toll collection applications, Reader Transaction
Record Type 1 Polling message aiso would identity the Agency or tolt authority.
For AVI applications, the reader-to-transponder Type 1 Polling Message shall be
structured using the following ordered data bt fields:

Field Definiti

No, Bits Hexadecimal Value

Header Code

Selsyn 8 AA

Flag . 4 C
Transaction Record Type Code 16 8000
Agency Code 16
Esror Detection Cede 16

Total: 60

(2) Reader Transaction Record Type 2 (Acknowledge Message).
A reader-to-transponder acknowledge data message shall be provided to inform
specific transponders that they have been successfully processed and to stop
responding to further identicat reader polling requests. The acknowledge
message is used to terminate the transaction. and is only sent if the transaction is
successiully compteted. Reader Transaction Record Type 2(Acknowiedge
Message) shall consist of the tollowing ordered data bit tields:

Field Detinit

No Bils Hexadecimat Vaiue

Header

Selsyn 8 AA

Flag 4 C
Transaction Record Type Code 16 Ccoo00
Transponder 10 Number 32
Reader {D Number 32
Transaction Status Code 16
Ermror Detection Code 16

Total: 124

() Reader End-ot-Message Frame.

The End-ot-Message signal for reader-to-transponder data messages shall consist ot a

minimum of 10 microseconds of no RF carrier signal. Transponder decoders shall have
the ability to detect this condition as an invalid Manchester code.

Reader Fleld Strength For Madutfated Backscattering.
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The etectnc tield strengin progucea by a reacer 1s a iunction of the EIRP. "he EiRP
*equireg 10 ceteqt a moaulatea packscatterea RF signal trom a transoonaer wih a reasonaply
7ign signal-to-noise ratio Is cetenmineg Dy the maximum range to the transponder ana the
cetection sensttivity of the reacer recever plus any gain margin. it the overail gain charactenistics
2t the transponder were held constant. the requirea EIRP then becomes site aepenaemnt.

The electric tield stirength 1o accocmolish moaulatea backscartenng is expected to be
‘ower than that required for triggenng a transponaer or for sending a reader data message.

Sensttive reader receivers likely wiil be necessary, however, such as that obtained with
homoagyne or heterodyne technology.

ARTICLE 4. TRANSPONDER SPECIFICATIONS.

Section 170S5.1. General Description.

Transponders will be encoged with unique identification data together with other cocded
cata as gescnbed in this section. On passing througn any AV1 reager zone, the transponaer wiil
provice the coded data to the reager onty on receipt of a vatid reader poiling commanda.

Transponders must be capabie of being turned on and oft and of two-way data communications.
Transponders may be portable.

Section 1705.2. Transponder RF Carrier Frequency.

The transponder RF camer frequency in a backscatter system is identical to that used by
the reader: the frequency will be in the range of 915 MHz = 13 MHz. The transponder shail be
capable of operating over the full £13 MHz band 1o allow site flexibility in reader imptementation.

Section 1705.3. Transponder Transmit and Receive Antennas.

(a) Antenna Polanzations.

The transponder transmn and receive antennas shall have EM field components that are

predorminantly honzontally potanzed transverse to normal trattic flow. Honzomal linear.
circutar or ellipticat polanzations are allowed.

(b) Antenna Fieid of Views.

The transponder transmit and receive amennas shalt have a field of view which is a 909
cone in front of the vehicle. The projection of the horizontal component of the cone’s

axis shall be parallel 1o the lane and the verical componemnt of the cone's axis shall be 359
above honzomtal.

Section 1705.4. Transponder Activation.

A transponder shall be fully activated and ready tc decode the Polling message from the
reader within 100 microseconds of receipt and detection ot a 33 microsecond long modulated
RF trigger pulse from the reader. The transponder receiver shall be capable ot recognizing and
acting on a trigger signal and polling message when the free-space tield strength at the
transponder location exceeds S50 mv/m and will not respond to tield strengths below 450
mv/m (Electnc tield strengths are to be measured in free-space and in the absence of any
vehicies). After completion of the Polling message. the transponder snall begin modulating and



